Massage has been a therapeutic modality in all cultures since early civilization and has had a long tradition of use in the sporting context. However, there has been a paucity of scientific evidence of the physiological, psychological and therapeutic effects of commonly used massage techniques. This paper reviews the early and more recent studies on the effects of massage and also the more recent literature on its use on the sports person. Little agreement was found in English publications of the efficacy of massage and there were contradictory findings as to the optimum technique and length of time of application. It is clear that the role of massage -a time-consuming technique for a physiotherapist to perform -needs to be evaluated further in order to resolve some contentious issues arising about this mode of treatment and to justify its use.
Scu112 advocated the use of massage as an 'indispensable agency' in the control of significant features of diverse syndromes such as poliomyelitis, anaemia, arthritis, cardiac oedema and nervous conditions. The physiological basis for these techniques was speculative.
It was also noted that the nucleus of physical therapy of rest, massage, heat and exercise had not changed over many years except for the use of X-rays and radium and that massage should be administered by a person of technical skill with anatomical, physiological and pathological knowledge.
Whereas the use of massage advocated by Scull2 has all but disappeared from use in hospital physiotherapy departments, the use of massage for the sports person has maintained a high profile and is an integral part of an athlete's conditioning3 even though its role may have been partially overvalued4.
From a scientific viewpoint, however, the use of massage in the sporting context has become contentious and flaws have been found in the claims by workers in the early part of the 20th century.
Massage techniques
Although massage technique may vary considerably between therapists, classical massage consists of a number of basic techniques which have remained essentially unchanged for centuries4 5. These techniques are referred to as Swedish massage6'7 and are comfortable, palliative and favoured by chartered physiotherapists.
There are also diverse forms of massage such as connective tissue massage4'8'9; underwater massage4; shiatsu and acupressure5.
The five basic techniques of classical massage are effleurage, petrissage, friction, tap6tement and vibration.
Effleurage (or stroking) is a deep stroking that should be in the direction of venous or lymph flow. Superficial effleurage should be centripetal. The palm of the hand is used and should conform to the contour of the body being treated. It Early studies11 used venous occlusion plethysmographs to determine the effects of two massage techniques on the blood flow in normal and diseased extremities. One technique (Table 1 ) resulted in consistent and significant increases in average blood flow. The second technique was described as deep stroking and kneading massage which only gave rise to a moderate change in total blood flow in patients with flaccid paralysis. It was noted that vigorous stimulating, forceful massage was not a routine procedure and that it may actually damage flaccid muscle and other soft tissues if performed incorrectly, although no evidence was presented to support this note of caution. This paper also noted that it was impossible to determine whether the cause of an increase in temperature (hence blood flow) was due to mechanical action or reflex stimulation. The reflex effect was also investigated by Ebel and Wisham12 who noted a considerable increase in skin temperature in all subjects on the massaged calf and also slightly on the opposite limb. This contralateral effect, it was speculated, was reflex in nature.
Animal experiments have been performed to study the effect of various procedures on the flow of lymph13. By Other studies17-19 have attempted to evaluate the effects of massage on blood parameters. Massage, which was described as 'fairly vigorous conventional whole-body', was applied to nine healthy volunteers17; 22 blood parameters were measured. The only significant rises were in creatine kinase (CK) and lactate dehydrogenase (LDH). This was explained by the mechanical trauma to the muscles and subsequent increase of cell membrane activity caused by the vigorous massage technique. This is an important objective measurement of the damage that can be caused to muscle through injudicious use of massage.
Massage has also been shown to have no significant effect on serum levels of 3-endorphin and 13-lipotrophin levels'8. Unfortunately, this was performed on a small number of pain-free subjects which the authors concede may have influenced their results.
However, the lack of any other blood changes contrasted with other work19, the results of which indicated that whole-body massage induced an acute decrease in blood and plasma viscosity and haematocrit in both ankylosing spondylitis patients and healthy subjects. These findings were explained by massage causing a decrease in sympathetic tone or, alternatively, by a reactive hyperaemia causing haemodilution. It was also postulated that mechanical, muscular manipulation may reintroduce stagnant flow from the microvasculature into the active circulation. Interstitial fluid could also be mechanically compressed into the circulation by the same method. Although the benefits of these findings are the amelioration of muscle perfusion in ankylosing spondylitis patients, the benefits to athletes have not been studied. There have also been studies to verify the effects of massage on skeletal muscle tone20 21 , and on autonomic functions22.
The clinical implications for athletes could be reduction of muscle spasm or cramps due to injury or fatigue.
Objective measurement of muscle tone was obtained using the Hoffman reflex (H reflex). This measurement of muscle tone is used extensively to determine the excitability of the spinal reflex pathway and has been used previously to investigate the efficacy of other therapies, such as ice, tendon pressure and passive muscle stretching. This study could compare these techniques with massage using the same objective measurement.
In one study20 the calf muscle of nine healthy individuals was massaged one-handed using a petrissage technique for 3min. Results showed that there was only a significant decrease in H reflex amplitudes during the application of treatment (P < 0.01; one-way repeated measures analysis of variance with Neumann Keuls post hoc procedures). These amplitudes returned to normal immediately on termination of the massage. This seemed to indicate that massage not only reduces the level of motoneuron excitability and consequently of muscle reflex activity, but is quite specific with much less effect on the contralateral limb than previously thought and with inhibition taking place only during treatment. This was confirmed in a later study using 
Post-event massage
Post-event massage is often applied to the athlete in the belief that this will overcome fatigue and help recovery23.
One study24 evaluated the effects of two types of massage (manual and mechanical) on recovery from overall muscular and physiological fatigue (Table 1) . It was concluded that there were definite recuperative benefits physiologically and locally from the two types of massage, but not from rest. Results were not analysed statistically and the subject numbers were small. The study also failed to explain the processes by which fatigue could be countered by massage and if the manual massage technique was similar to the vigorous vibratory massage of the 'thumper' machine. However, the use of a mechanical massager for athletes without availability or finance for a masseur was advocated.
A more recent study25 also investigated the effects of vibratory mechanical massage on short-term recovery from muscular fatigue. Using 12 moderately healthy men, the results of this experiment indicated that there was no statistically significant difference in the rate of fatigue in either static exercises or after dynamic exercise (cycling) between vibratory mechanical massage or rest in the quadriceps muscles (repeated measures analysis of variance and post hoc analysis with correlated t tests). The reason why massage had no effect on the rate of fatigue was discussed. If one of the reasons for fatigue is restriction of blood to the active muscle due to muscle contractions, then delivery and washout must occur between contractions.
If during strenuous muscle contractions the motor unit firing declines, this may be due to a decrease in blood flow. It seemed reasonable to suggest that an increase in blood flow in excess of metabolic requirements would enhance the return of all processes to homeostatic levels.
Increased blood flow was thought to be a major effect of vibratory massage, yet this type of massage did not help recovery in this study. The reason for this was that the mechanical massage set up a tonic vibration reflex when it was used on muscles.
Therefore, when the mechanical massage was being applied for 4min, the muscle was actively contracting. The study speculated that any beneficial effects of blood flow (which were small) would be expended in recovering from the effects of the tonic vibration reflex set up by the massage. It was concluded that short-term recovery from intense muscular activity was not augmented by vibratory mechanical massage.
Pre-event massage
Massage is often used by athletes before an event, yet there has also been little scientific evidence to support the hypothesis that pre-event massage will enhance an athlete's performance.
A physiological evaluation of massage in this context26 was undertaken on 10 healthy men. Each subject was in either a control group (no massage) or the treatment group (with massage) before 10 min submaximal exercise (Table 1) . Parameters measured were Vo2, cardiac output, heart rate, stroke volume, a-v'2diff and blood pressure. It was found that the pre-event massage did not provide the subjects with an increased oxygen flow to the tissues, therefore both exercise tests at 80% of maximum heart rate required the same oxygen consumption. There were no significant differences in any other parameters (P > 0.05; paired t test). Without massage, the subjects exercised just as efficiently as when they received the treatment. It was concluded that it was justifiable to state that the physiological effects of sports massage were questionable. Additionally, this study tested for lactic acid levels which is a commonly quoted parameter that massage is said to affect. There were no significant differences in the levels of lactic acid build-up after 10 min steady-state exercise, with or without massage.
A previous study27 investigated the effect of pre-event massage (Table 1 ) on joint range of movement and quadriceps and hamstring strength. The experiments were in the following order: 1. General warm-up 2. Warm-up and massage 3. Massage only 4. Warm-up and stretching.
The results showed that warm-up and stretching (4) gave significant increases in all ranges of movement (Student's t test). The only other significant finding was that massage and warm-up, both separately and in combination, increased the range of movement at the calf, which seemed to be readily influenced by the action of the ergometer and also by the passive elongation by massage of the muscle and tendon. Muscle strength recorded showed a decrease in isokinetic strength of the hamstrings and in isometric strength of the quadriceps.
Other treatment groups had no effect on strength.
It was concluded that general warm-up and stretching were a better way to increase flexibility. It also had the advantage of being performed by the athlete him/herself without any expensive equipment. This paper highlights the common request from athletes for massage in the belief that this will substitute for any warm-up or stretching and help prevent injury. The results are of clinical importance and this is one of few papers published which compares three common strategies used before competition.
More recently, an investigation of the effects of pre-performance massage on the stride frequency of sprinters was undertaken7. This used a counterbalance design to identify the presence of order or learning effect. Results showed no statistically significant difference between the group trials or any interaction (P > 0.05; Student's t test). However, the magnitude and direction of the means between the conditions did show a trend towards a positive effect on stride frequency of pre-performance massage. It was emphasized that the results were due to 30min of extensive and conscientious treatment by an experienced masseur and that cursory massage may be of less value. The author also speculated that the conventional level of significance (P < 0.05) may be too stringent when studying sprinters. He bases this on the assumption that massage is not detrimental (which it may be17) and that it is low in cost.
Although true in terms of materials this is not true in terms of the number of hours taken to apply massage.
To summarize -although massage is widely used in the belief that it helps muscle recover from fatigue and can enhance performance, the studies to confirm this are few in number and contradictory. It It is clear that the role of massage in the athlete needs to be evaluated further in an attempt to resolve some of these points and in an attempt to justify the requests from athletes for a time-consuming technique.
